
Fermi National Accelerator Laboratory 

FEFMILAB-Cod9!&‘349-E 

Isolated Prompt Photon Production at CDF 

Presented by Peter A. Maas 
for the CDF Collaboration 

Fermi National Accelerator Laboratory 
P.O. Box 500, Batauia, Illinois 60510 

November 1992 

Published Proceedings Division of Particles and Fields Meeting, 
Fermi National Accelerator Laboratory, Batavia, Illinois, November 10-14, 1992 

c Operated by Universities Research Association Inc. under Contract No. DE-ACO2-76CH03WO witi the United States Deparbnent of Energy 



Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily constitute OP imply its 
endorsement, recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein do not necessarily state 
or reflect those of the United States Government or any agency thereof, 



'CDF/PUB/JET/PUBLIC/l903 
FERMILAB-CONF-92/349-E 

ISOLATED PROMPT PHOTON PRODUCTION AT CDF 

TEE CDF COLLABORATION’ 
Presented by 

PETER A. MAAS 
Universiiy of Wbconrin-Madison 

M&dim&, WI 53706 

ABSTRACT 

This note describes messarements of isolated prompt photon production at fi = 
1.8 TeV using the CDF experiment. The meartucments are compared to recent NLO 
QCD calcnlationr, including recently obtained parton distribution functions. QuaI- 
itatively, the QCD calcalatioa with the new parton distribution fnnctio- agrees 
better with the data than the previoaa parton distribution fnnctioas. 

1. Introduction 

Prompt photon production in hadronic interations provides a test of Quan- 
tum Chromodynamics. The high center of mass energy of the Tevatron allows 
us to test QCD at high momentum transfer in a previously unexplored range of 
XT = 2l+/fi (.016 < z.t < .O’I) where gluons are the dominant parton. 

We present the inclusive isolated prompt photon cross-section and the angu- 
lar distribution, fi, which probes the spin of the propagator in photon produc- 
tion. Both measurements are compared to recent NLO calculations. 

2. Event Selection 

The CDF detector is described elsewhere* however relevant details are pre- 
sented here. Photons are identified with the aid of the central tracking cham- 
ber (CTC), a surrounding array of drift tubes (CDT), the central electromagnetic 
calorimeter (CEM), the central hadronic calorimeter (CHA) and a position detector 
located near shower maximum in the CEM (CES). 

The data presented here were collected during the 1988-1989 Tevatron run. 
The sample consists of 3.28 pb-’ (101 nb-‘) of events where the trigger required an 
electromagnetic cluster whose energy is greater than 23 GeV (10 GeV), hadronic 
fraction / electromagnetic fraction < 12.5%, and (Can<,,,, ET - bT)/q < 0.15 where 
AR = dm$. 

Futhermore, the sample is purified of3ine by requiring that there be no track 
pointing at the cluster (CTC), there be no second cluster in either transverse view 
of the shower (CES) with energy greater than 1 GeV, that the cluster be inside the 
good fiducial region of the detector, that the measured s vertex be within 50 cm., 
that there be no significant missing energy, that excess energy in a cone of AR < 0.7 
be less than 2 GeV, and lastly that the transverse proiile be reasonably consistent 

‘CDF Institutions: ANL, Bologna, Bmmhis, UCLA, Chicago, Duke, Femdhb, Rwcati, Harvard, IUinoL, 
IOPP, Joluu HopEns, KKK, LBL, MIT, MSU, Michigan, New Mexico, Oab, Padon, Pamsylvania, Piss, 
PittrIm& Purdue, Rockciclla, Rutps, SSCL, Text AkM, T&ha, Tufts, Wisconsin, Yale. 
Published Proceedings Division of Particles and Fields (DPF'92) keting, 
Fermi National Accelerator Laboratory, Batavia, IL, November 10-14, 1992. 



with that of a photon. These cuts reduce the background contamination (where the 
background is mesons decaying to several photons) to the same level as that of the 
signal. 

One method for measuring the photon cross-section uses the transverse pro- 
file of the shower to estimate and subtract the background. Both transverse profiles 
of the shower are fit to the shower shape expected for single photons. The quality 
of the fits are used to distinguish the broader showers of v” and n decays from the 
narrower showers due to single photons. Setting a cut on the quality of the fit (x2), 
and using the efficiencies for both signal and background to pass this cut, enables 
us to measure the rate of photon production. 

The other method is to look for conversion electrons in the CDT. There is 
18% of a radiation length in front of the CDT. Using the rate of photon conversion, 
one can extract, in a pi independant manner, the rate of photon production from 
the hit rate in the CDT. 

S. Prompt Single Photon Cross-section 

The cross-section is obtained by counting the number of photons in each bin 
of pi and using the known efficiencies and luminosities to obtain the final number. 
The cross-section is shown in figure la. Also shown are the UA2r results and a 
QCD calculation of the expected cross-section s. It should be noted that the QCD 
calculation does not include the possibility of charm in either the proton or the 
antiproton, and it uses the parton distribution functions KMRS Bt with A = 190 
MeV and p* = pt. The data and the calculation agree qualitatively but there 
appears to be a discrepancy at low pr. 

Recently, new fits to DIS data have changed estimates of the parton distri- 
bution functions. Figure lb shows a comparison on a linear scale of the data to 
several new calculations. The default theory is the previous calculation; including 
charm in the proton, the HMRS B parton distribution functionss. The default scale 
is taken to be p2 = A/4. Using recently obtained parton distributions (MRS DO’) 
functions, the calculation appears to better match the data at low pi, but it is 
not clear whether the theory is succeeding in predicting the observed spectrum in 
photon production. 

4. Measurement of & 

To further probe the nature of the prompt photon events, the angular dis- 
tribution of the photon-jet system is studied. The events are transformed so as to 
have no net momentum along the beam using the photon and all jets greater than 
10 GeV in the hemisphere opposite the photon. The events are selected so that the 
acceptance is uniform in boost and transformed momentum over the entire range 
in 8’. 

Figure 2 gives the angular distribution of the data, as well as the jet-jet 
angular distribution and a theoretical calculation. The excess of events at large 
values of cos0’ suggests that the Bremsstrahlung contribution might be larger than 
expected. 
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Figure la : The prompt isolated photon crow-section from CDF and that of UA2 compared to a 
recent NLO calculation. Figure lb: A compariacn of the data and a more recent theoretical 

calculation. 
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Figure 2: & for photon-jet eventa and dijet events. 
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